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Abstract
Enhanced recovery after surgery (ERAS®) is a strategy that seeks to reduce 
patients’ perioperative stress response, thereby reducing potential complications, 
decreasing hospital length of stay and enabling patients to return more quickly to 
their baseline functional status. This programme results from the union of several 
perioperative clinical elements that have individually proved to be beneficial to the 
patient and have showed, when used together, a synergy that results in a significant 
outcome improvement. The term was coined at the end of the 1990s and origi-
nally used to refer to a complex fast-track programme in open colorectal surgery. 
Subsequently, the practice has spread to other surgical specialties centralising the 
interest of clinicians and researchers. The objective of this chapter is to analyse the 
key elements of an ERAS protocol applicable to minimally invasive thoracic surgery.
Keywords: ERAS, fast track, VATS lobectomy, lung cancer, surgical recovery
1. Introduction
ERAS is the acronym of enhanced recovery after surgery: a multimodal periop-
erative approach based on the best medical evidence [1]. This programme results 
from the union of several perioperative clinical elements that have individually 
proved to be beneficial to the patient and have showed, when used together, a 
synergy that results in a significant outcomes improvement.
The key elements of each ERAS protocol include preoperative counselling and 
nutrition, avoidance of perioperative fasting and carbohydrate loading up to 2 h 
preoperatively, standardised anaesthetic and analgesic regimens (epidural and non-
opioid analgesia) and early mobilisation (Figure 1) [2]. A meta-analysis showed 
that ERAS programmes in major surgery reduce hospitalisation by 2–3 days and 
complications by 30–50% [3].
From its introduction at the start of 1990s, ERAS has improved perioperative 
approach of many specialities: general surgery (colon resection) [4], vascular sur-
gery [5], thoracic surgery [6, 7] and recently urology (cystectomy) [8, 9]. The aim of 
such programmes is to try to change the physiological and psychological responses 
to major surgery [1]: the experiences collected until now have shown a reduction 
in complications and hospital stay, improvements in cardiopulmonary function, 
earlier return of bowel function and earlier resumption of normal activities [10, 11].
There are relatively few reports on the use of ERAS in thoracic surgery; the aim 
of our paper is to focus on the key elements of an ERAS protocol, evaluating their 





2. Principles of ERAS
Response to major surgery is inevitable: for many years, this was a postulate in 
conventional perioperative metabolic care. This concept has recently been chal-
lenged with the view that a substantial element of the stress response can be avoided 
with the appropriate application of modern anaesthetic, analgesic and metabolic 
support techniques. Another referral point in conventional post-operative care was 
the patient’s prolonged bed rest: this concept is now under revision also [12]. In the 
catabolic patient, medium-term functional decline will ensue if active steps are not 
taken to return the patient to full function as soon as possible. Based on these two 
concepts, a new view of peri-operative surgical care has been created, based on the 
principles of stress reduction and promotion of return to baseline after surgery, 
avoiding medium term sequelae of conventional post-operative care (e.g. loss in 
Figure 1. 
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nutritional status and fatigue) [13]. So, the ERAS programme results in a clinical 
pathway with the aim of attenuate surgical stress, maintain physiological function 
and expedite return to normal function; a cornerstone of each ERAS protocol is a 
real multidisciplinary approach, avoiding the so-called silo mentality, defined as 
‘an attitude found in some organisations that occurs when several departments or 
groups do not want to share information or knowledge with other individuals in the 
same company’ [14] (Figure 2).
3. ERAS key elements
3.1 Preadmission counselling and patient information
It is well known that an exhaustive preoperative patient information can 
enhance post-operative recovery and pain relief, particularly in patients who show 
most denial and the highest levels of anxiety [15, 16] Figure 1. A clear and compre-
hensible explanation of what is to happen during a patient’s hospital stay can also 
facilitate adherence to the care pathway and allows timely recovery and an early 
discharge: patients should receive oral and written preadmission information forms 
describing what will happen during their hospital stay, what they have to expect, 
and what will be their role during their recovery. In addition, at the first meeting, 
the patient should also be given a specific role with clear tasks to perform during the 
post-operative period [17]. These include targets for food intakes and oral nutri-
tional supplements (ONS) and targets for staying out of bed.
3.2 Preoperative fasting and metabolic condition
Fasting after midnight has been the standard in elective surgery to avoid pul-
monary aspiration without obtaining scientific support: a recent review [18] has 
shown that this practice is not only not useful but, in some cases, even negative 
for the patient’s metabolism. Current recommendations from leading national 
anaesthesia society suggest clear fluid intake up to 2 h from anaesthesia induction 
and a 6-h fast for solid foods [19–21]. Some works in the literature, which analysed 
the effects of preoperative fasting on patients, concluded by proposing that patients 
arrive in the operating theatre fed. Examples of preoperative nutrition are the use 
of clear carbohydrate-rich beverages (12.6%) at a dose of 800 ml before midnight 
and 400 ml 2–3 h before surgery: this leads to a reduction in thirst, hunger and 
anxiety in patients awaiting surgery [22] and to a significant reduction in post-
operative insulin resistance [23]. In this way, the patients’ metabolism benefits more 
from post-operative nutrition [24] with a lower risk of hyperglycaemia [25]. This 
approach, validated for different major surgery, is easy to apply also for thoracic 
surgery.
3.3 Anaesthetic protocol and multimodal pain relief
According to ERAS principles, the efforts of anaesthetic procedure has to be 
made to minimise the impact of anaesthetic agents and techniques on organ func-
tion and also to ensure appropriate depth of anaesthesia and avoidance of awareness 
but also avoiding overdose: it is rational, therefore, to use agents with short pharma-
codynamic duration (propofol and remifentanil) [26], thereby allowing pro-active 
recovery to start on the day of surgery. Thus, opioids with longer-lasting effect 
(morphine and fentanyl) should be avoided. Short acting inhalation anaesthesia is a 
reasonable alternative to total intravenous anaesthesia. Although the protective role 
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of epidural analgesia before the beginning of surgery, by limiting the production of 
stress hormones and post-operative insulin resistance, has been sufficiently clari-
fied, its effect on post-operative outcome is still debated [27]. Epidural analgesia 
has been identified for usual post-operative analgesia because of its optimal pain 
relief capacity and the benefits on post-operative [28]. However, a recent large 
single study [29] has questioned the benefits of epidural analgesia in terms of post-
operative morbidity and mortality. Moreover, it is necessary to take into account the 
risks associated with the procedure: epidural hematomas, abscesses or neurological 
damage are in the order of 0.01–0.6 [30]. The catheter is positioned in the awake 
patient to establish the effectiveness of the block. During surgery, the block can be 
maintained by continuous infusion of local anaesthetic (e.g. bupivacaine 0.1%) plus 
a low-dose opiate (e.g. 2 mg/ml fentanyl) at 4–10 ml/h. Epidural opioids in small 
does synergise with epidural local anaesthetics in providing analgesia, allowing a 
reduced dosage of both agents. Furthermore, low-dose epidural opioids improve 
the analgesic effects without major systemic effects [31]. Finally, it has been dem-
onstrated that the addition of a small dose of adrenaline to epidural infusion of 
local anaesthetic and opioid enhances the analgesic effect of these drugs avoiding 
systemic opioid related side-effects [32–34].
Analysing the data presented in the literature of recent controlled studies and a 
Cochrane review, several studies [35] highlight how early mobilisation is effectively 
obtained using continuous epidural local anaesthetic or local anaesthetic-opioid 
techniques. Epidural local anaesthetic techniques provide a more effective analgesia 
than patient controlled analgesia (PCA), allowing greater physiological benefits on 
surgical stress responses; achieving the randomised studies have demonstrated that 
continuous epidural analgesia has positive effects on the reduction of pulmonary 
morbidity, but not on other types of morbidity or on hospital stay and convales-
cence [36]. This probably for unimodal intervention that does not take advantage of 
the efficient analgesia: the use of non-steroid anti-inflammatory drugs (NSAIDs) 
may provide some additional analgesia [37]. The principal objective for post-
operative analgesia is eliminating opioid with their opioid-related side effects and 
improving quality of recovery [38]. An optimal deadline for post-operative continu-
ous epidural analgesia has not been established; however, 2 days is the period identi-
fied from several large case series and normally used in clinical practice. It should 
also be emphasised that there is no evidence for the use of NSAIDs to improve 
analgesia in addition to a well-functioning epidural: this practice should be avoided.
There are several papers in the literature that have demonstrated the efficacy of 
these analgesic principles also for thoracic surgery; for example: the use of epidural 
analgesia that reduces post-operative morbidity or the use of lower doses of opioid 
to reduce their adverse effects and promote early mobilisation [39].
3.4 Surgical aspects
Minimally invasive surgery is a central point of any fast-track programme: 
when applied it has shown its effectiveness in terms of reduction of hospital stay, 
post-operative complications and pain both in the comparison of VATS surgery 
vs. open surgery [40] and for standard multiportal VATS vs. uniportal [41]. The 
comparison between multiportal VATS and uniportal has showed many advantages 
in favour of the latter: less trauma tissue, less blood loss and less complication. This 
can potentially be translated into a reduction in post-operative hospitalisation and 
faster recovery of the daily activities of patients, which is the goal of the ERAS 
programme. A recent meta-analysis published by Harris and The Collaborative 
Research (CORE) Group, Macquarie University, Sydney, Australia, compares eight 
observational studies published over the past two years comparing the outcome 
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of oncologic patients [41] treated with conventional VATS lobectomy (multiport) 
vs. uniportal VATS. The results (1850 patients, of which 627 treated with uniportal 
VATS and 1223 with multiportal VATS), show statistically significant differences 
in favour of the single-port in terms of length of stay (6.2 ± 2.6 vs. 6.7 ± 3.4 days, 
P < 0.0001), duration of thoracic drainage (4.5 ± 2.2 vs. 5.4 ± 2.9 days, P = 0.0006), 
post-operative complications (12.0 vs. 13.7%, P = 0.009). Post-operative pain also 
appeared to be minor in monoportal procedures although with non-statistically 
significant values. However, taking into account VATS interventions for minor 
surgery, further work confirms a reduction in post-operative pain using a smaller 
number of thoracoscopic accesses [42, 43]: in this way appear to be clear a rationale 
link behind the fewer accesses to the chest and hence fewer intercostal nerves that 
can be traumatised during surgical procedures.
3.4.1 Minimal invasiveness of VATS approach
The minimal invasiveness of VATS procedures is based on the lower impact of its 
surgical trauma compared to traditional open procedures by thoracotomy. However, 
several VATS techniques have been described over the years, differing mainly on 
the number of ports and their location. The number of ports can be discussed as a 
factor affecting the invasiveness of the surgical procedure and consequently influ-
encing the post-operative functional recovery. Several authors have highlighted 
how the transition from VATS multiportal approach to a monoportal approach is 
effective in optimising post-surgical results by reducing pain, complications and the 
length of hospital stay. Hence the idea that, in order to optimise surgery within an 
ERAS programme, monoportal VATS can facilitate a faster recovery of the patient, 
an early discharge and a promptly return to daily life. Tamura recent study [44] has 
shown how single-port technique reduces post-operative pain and increases qual-
ity of life in the peri-operative period. In two subsequent publications, Rocco and 
others [42] and Gonfiotti et al. [43] showed that a monoportal VATS approach is 
less associated with residual pain and post-operative paraesthesia. With the limits 
of non-randomised observational studies, we believe that these data can allow us 
to hypothesise that a lesser surgical trauma on the chest wall can result in a faster 
functional recovery, even when we talk about minimally invasive surgery.
3.4.2 Prevention of post-operative air leak
The air passage from the lung parenchyma into the pleural space after pul-
monary resection is called air leak. In the literature, we can find the definition of 
prolonged air loss (PAL) as an air passage beyond the five post-operative days. 
Different studies show that the effects of this complication on the post-operative 
course significantly impacts on the risk of other complications (e.g. pleural empy-
ema), post-operative hospitalisation and increased hospital costs and, more gener-
ally, a worse post-operative course.
Prolonged air leak appears to be a rather frequent complication after VATS 
lobectomy. In the reports of the Italian VATS group the incidence of PAL after a 
pulmonary lobectomy is equal to 7.2%, similar to the data present in the literature. 
Therefore, the prevention of a PAL is a fundamental element in ERAS perspective 
[45, 46]. In addition to this, Brunelli [47] reported a higher rate of pleural empyema 
in patients with PAL and Varela [48, 49] showed an increased incidence of pneumo-
nia, atelectasis due to sputum retention and pleural effusion, demonstrating how 
PAL is associated with an increased risk of post-operative complications.




a. Reduction of residual pleural space
b. Reinforcing/protecting suture line
In a recent paper [50] which considers five selected studies, in four of these, the 
fissureless technique used in pulmonary lobectomy has shown itself superior to the 
standard approach for PAL prevention and the reduction of the cessation of air loss 
time, concluding that, based on the current data, we can consider the fissureless 
technique better than the standard one [51]. Criticisms of this conclusion are mainly 
made when considering lower lobectomies: although the fissureless technique is 
accepted in upper or middle lobectomies, it is not considered as valid for lower 
lobectomies, mainly for oncological reasons as it could reduce the effectiveness of 
VATS lymph node dissection of stations N1 [52].
3.4.3 Number of pleural drainages
According to fast-tracking, could be indicated the positioning of just one pleural 
drainage (28/30 Fr) for all surgical procedure, instead of two used for example after 
a pulmonary lobectomy; a second drainage tube may be useful when a significant 
post-operative air leak is expected or in case of a bi-lobectomy [53]. The advantages 
of positioning a single thoracic drain reside in the reduction of post-operative pain 
that allows early patient mobilisation and therefore faster recovery [54, 55].
3.5 Promotion of early oral intake
One of the key objectives in the post-operative period for normally fed patients 
is the restoration of normal Gastro Intestinal (GI) function that allows an adequate 
food intake and a rapid recovery. A recent meta-analysis of controlled trials about 
early enteral or oral feeding versus ‘nil by mouth’ after major surgery showed no 
clear advantage in keeping patients fasting after elective surgery [56]. Early nour-
ish reduced both the risk of any kind of infection and the mean hospitalisation. 
However, the risk of vomiting is increased in patients early fed and, in the absence 
of a multimodal anti-emetic therapy, early enteral feeding has been associated 
with intestinal swelling, impaired mobilisation and reduced pulmonary function 
[57]; for these reasons, it is essential to adopt a targeted strategy for post-operative 
nausea and vomiting (PONV).
The use of emetogenic drugs (neostigmine, opioids, certain gaseous anaesthetic 
agents, etc.) should be avoided, favouring agents that are less emetogenic. Patients 
at risk for PONV should receive prophylactic treatment (e.g. ondansetron, dexa-
methasone or droperidol) [58].
For malnourished patients, the use of oral nutritional supplements (ONS) in 
the post-operative period and for 8 weeks after discharge, demonstrated effective 
benefits in terms of recovery of nutritional status, protein balance and quality of 
life [47]. Positive effects on clinical outcomes from ONS have also been documented 
also in series of elective surgical patients who were not screened specifically for 
malnutrition [59]. The difference between these studies, which used traditional 
nutrition protocols, and ERAS programmes is that oral integration in the first 
started 4–5 days after surgery, in the second is commenced the day before surgery 
and continued for at least the first four post-operative days, in order to achieve rec-
ommended intakes of energy and protein [60, 61]. This point of ERAS programme 
is crucial also for patients undergoing minimally invasive thoracic surgery: in fact, 
we need not to forget the aim of ‘a more quickly return to their baseline func-
tional status’ and we know from several authors that when used in combination, 
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preoperative oral carbohydrate loading, epidural analgesia and early enteral nutri-
tion, they improved the maintenance of nutritional status following surgery [25].
3.6 Early mobilisation and discharged criteria
Several factors are negatively influenced by bed rest: tissue oxygenation, 
pulmonary function, muscle strength, insulin resistance, muscle loss and risk of 
thromboembolism.
To minimise bed rest, the ERAS protocol should provide an organisation suitable 
for a plan of assistance with daily mobilisation targets and the patient should be 
nursed in an environment that stimulates mobilisation.
A useful stimulus can come, for example, from the compilation of a ‘hospitalisa-
tion diary’ in which the patient documents the activities performed on a daily basis; 
in this way, we can set more easily achievable goals such as, for example, that the 
patient remains out of bed at least 2 h on the day of surgery, increasing up to 6 h a 
day until discharge. As mentioned in the first part of the work, the ERAS project 
depends on the interaction of different professional figures: at this stage, the role 
of the nurse maintaining close and constant contact with the patient is crucial, and 
achieving decisive results also through the application of specific and innovative 
programmes such as ‘nursing care map and programme’.
Patients can be discharged when they meet the following criteria:
• Good pain control with oral analgesia
• Taking solid food, no intravenous fluids
• Independently mobile or same level as prior to admission
• All of the above and willing to go home
The discharge process starts at the preadmission counselling session when it 
is determined if the patient lives alone and has any special needs (e.g. transport, 
social support, etc.). Problems that will delay discharge must be addressed at this 
time rather than once the patient has been admitted. Furthermore, it is crucial to 
set up a close follow-up on telephone monitoring of patient conditions followed by 
outpatient visits at predetermined times, the first of which generally falls to 15 and 
30 days after discharge: to this, the key role played by a dedicated figure, the ‘case 
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